There have been extensive policy shifts in the legality of recreational and therapeutic use of cannabis in the United States, as well as a steady increase in the number of people using the drug on a regular basis. Given these rapid societal changes, defining what is known scientifically about the consequences of cannabis use on mental health takes on added public health significance. The purpose of this circumspectives piece is to discuss evidence of cannabis' effects on two psychiatric conditions: post-traumatic stress disorder and psychotic disorders. Dr Haney and Dr Evins will discuss two viewpoints regarding the benefit and harm of cannabis use for these conditions, while outlining what remains unproven and requires further testing to move the field forward.
Attitudes toward cannabis in the United States have undergone a substantive shift, with, for the first time in history, a majority of Americans favoring cannabis legalization. Nationwide, marked public opinion and policy changes are occurring in what is largely a scientific vacuum, with well-controlled, scientific evidence contributing little to the debate on legalization of cannabis for medical or recreational use. Even among scientists, debates on cannabis can be polarized and high in emotional content, making it difficult to distinguish evidence from hyperbole.
In adolescents, increased social acceptance and decreases in the perception of cannabis' risks are associated with increased use (Hall and Weier, 2015; Scheurmeyer et al, 2014) . Already 2.6 million more people in the United States report near-daily cannabis use in 2013 compared with 2008 (Substance Abuse and Mental Health Services Administration (SAMHSA), 2014). And cannabis legalization creates a powerful profit motive to create and maintain cannabis users, with the burgeoning marijuana industry following a similar business strategy as the tobacco industry (Richter and Levy, 2014) , which will likely further increase cannabis use.
In light of these major policy changes, defining what is known about the potential consequences of cannabis use has considerable public health significance and is the purpose of this circumspectives piece. We will discuss the influence of cannabis use on post-traumatic stress disorder (PTSD) and psychotic disorders. Each author will present data supporting one perspective regarding the link between cannabis use and the course of these disorders, and they will then present their shared perspectives on critical studies needed to move the field forward. An important caveat: clearly, cannabis is a pharmacologically complex plant with constituents that have the potential for producing both positive and negative effects. We will take opposing positions to accommodate the circumspectives framework, but emphasize that there is considerable overlap and nuance in our viewpoints.
PTSD Meg Haney
PTSD, an anxiety disorder that can develop following exposure to a traumatic event is characterized by persistent alarm and distress, numbing, avoidance, increased arousal, as well as aberrant memory processes. Hyperconsolidation of emotional memories or impaired extinction of fear memories can lead to intrusive recollections and the re-experiencing of the original traumatic event through flashbacks or nightmares Neumeister et al, 2013) .
Many with PTSD report using cannabis to cope with anxiety, stress, and insomnia (Cougle et al, 2011; Boden et al, 2013) . Consistent with a potential therapeutic effect, oral cannabinoids such as dronabinol (synthetic Δ 9 -tetrahydrocannabinol (THC), the primary psychoactive constituent of cannabis) and nabilone (a synthetic analog of THC), have been shown to reduce the acute response to fear stimuli as well as trauma-related symptomatology in those with PTSD. Nabilone reduced nightmares and improved sleep in both an open label and placebo-controlled trial, while also increasing clinician ratings of improvement and self-reported measures of well being (Fraser, 2009; Jetly et al, 2015) . A retrospective study of nabilone for PTSD-related nightmares also showed promising results (Cameron et al, 2014) .
But cannabinoids may do more than simply provide acute symptom relief. Unlike drugs such as alcohol, which may temporarily alleviate certain symptoms of PTSD while not affecting (or exacerbating) the underlying clinical condition, cannabinoid agonists specifically target the root cause of many PTSD symptoms: dysregulated threat responding and impaired extinction of fear-based memories (Passie et al, 2012; Marsicano et al, 2002; Ganon-Elazar and Akirav, 2009 , 2013 . There is a dense expression of cannabinoid (CB1) receptors in amygdala-hippocampal-cortico-striatal circuits that have a role in anxiety, emotional learning and the consolidation of fear-related memories, as well as coordinating fear-related behavior (Lutz, 2007; Neumeister et al, 2013; Chhatwal et al, 2005) . There is also a high density of CB1 receptors in the hippocampus, which mediates the retrieval of fear-related memories (Atsak et al, 2012) , demonstrating a potential biological substrate for a therapeutic effect of cannabinoids in this population.
In patients with PTSD, the amygdala is hyperresponsive to threat-related or emotional stimuli, whereas the ventral/ medial prefrontal cortex and hippocampus are hypoactive, resulting in inadequate top-down control of amygdalar activation relative to healthy controls (Rauch et al, 2006; Etkin and Wager, 2007; Killgore et al, 2014) . In fact, hypoactivity in the medial PFC was associated with greater symptom severity, and is suggested to reflect anxiety generalization and a deficit in emotional regulation (Etkin and Wager, 2007) .
Cannabinoids modulate this threat response: in healthy volunteers, dronabinol attenuated amygdala reactivity to fear stimuli in a social-threat procedure without altering performance of complex tasks (Phan et al, 2008) , suggesting cannabinoids selectively reduce threat responding. Similarly, cannabidiol (CBD), a non-intoxicating constituent of cannabis, attenuated the amygdala response to fearful faces (Fusar-Poli et al, 2009) .
Endogenous cannabinoids also influence fear responding. Healthy individuals with higher basal levels of the endogenous cannabinoid anandamide, due to a common variant in the fatty-acid amide hydrolase (FAAH) gene, have enhanced fronto-amygdala connectivity and fear extinction learning, as well as reduced anxiety-like behaviors (Dincheva et al, 2015) and threat-related amygdala reactivity (Hariri et al, 2009) . Patients with PTSD have altered levels of both CB1 receptors and plasma levels of endogenous cannabinoids (Hill et al, 2013; Neumeister et al, 2013) , which may contribute to heightened alarm and other PTSD symptoms. It is telling that patients maintained on CB1 antagonists for the treatment of obesity were over three times more likely to discontinue treatment because of mood-related side effects (primarily anxiety) relative to placebo (Christensen et al, 2007; Moreira et al, 2009) , illustrating the role of endocannabinoids in mood regulation.
In terms of fear extinction, the importance of the CB1 receptor has been best demonstrated in a series of preclinical studies, showing that CB1 knockout mice learned and could recall the association between a tone and an electric shock but were unable to extinguish this pairing despite elevated levels of endocannabinoids in the basolateral amygdala (Marsicano et al, 2002; Chhatwal et al, 2005) . Cannabinoid agonists, conversely, facilitated extinction in preclinical models of PTSD (de Bitencourt et al, 2013) : agonist administration within 24 h of exposure to stressful stimuli prevented the development of enhanced acoustic startle response, impaired extinction, and an altered neuroendocrine stress response, as compared with placebo administration (Korem and Akirav, 2014) .
In human laboratory studies, dronabinol facilitated fear extinction. In a placebo-controlled, double-blind study, healthy non-cannabis using volunteers learned to associate two visual stimuli with an aversive white noise burst. The next day, participants were treated with placebo or dronabinol 2 h prior to an extinction session. Those treated with dronabinol had less reinstatement of fear responding 24 h later relative to the placebo group (Rabinek et al, 2013) . Given that exposure therapy to treat PTSD is often associated with poor extinction retention (eg, Milad et al, 2009) , these data suggest that cannabinoid administration during extinction training might reduce the reinstatement of fear responding. CBD may also enhance consolidation of extinction learning (Das et al, 2013) , perhaps by inhibiting FAAH and thereby boosting endocannabinoid levels (Leweke et al, 2012; de Bitencourt et al, 2008) .
In sum, a therapeutic goal for the treatment of PTSD is to reduce threat responding and to re-learn emotional memories to reduce their aversive intensity. Existing data suggest that endogenous and exogenous cannabinoid agonists both acutely improve stress reactivity and reduce responding to perceived threats and facilitate extinction of fear responding, supporting further research of cannabinoid agonists for clinical treatment of PTSD.
Eden Evins: PTSD
As of January 2015, 23 states have passed legislation allowing possession of smoked cannabis for medical purposes. There is evidence from human studies of a correlation between regular cannabis use and a range of potentially adverse outcomes, including adverse effects on learning and cognition (Solowij and Battisti, 2008; Solowij et al, 2011) , effects on brain structure and function (Lorenzetti et al, 2014 (Lorenzetti et al, , 2015 ; but see Weiland et al, 2015) , negative psychiatric impact (Hall and Degenhardt, 2009) , and addiction (Anthony, 2006; Lopez-Quintero et al, 2011) , particularly among daily users, where it is estimated that 25-50% will become dependent (Hall and Degenhardt, 2009; Hall, 2009) . Nearly all of these studies, however, assess recreational, and not medical, cannabis use. Virtually nothing is known about potential effects of medical cannabis that is used instead of, or complementary to, traditional medicine for disorders such as pain, insomnia, anxiety, depression, and PTSD. Data are also lacking on whether those who use cannabis daily for chronic conditions also develop similar rates of addiction to those who use cannabis daily for recreational purposes.
Although legislation in many states provides very broad conditions for which 'medical' cannabis may be made available, PTSD, specifically, is being or has been added to the list of conditions in Arizona, Connecticut, Delaware, Michigan, and Nevada. Although preclinical data on effects of cannabinoids on consolidation of fear-related memory and particularly on extinction are intriguing and should be pursued in well-controlled trials in people with PTSD, the current evidence base for safety and efficacy for use of cannabis for psychiatric disorders, in general, and PTSD, in particular, is exceedingly thin. The American Psychiatric Association has taken the position that 'There is no current scientific evidence that marijuana is in any way beneficial for the treatment of any psychiatric disorder. In contrast, current evidence supports, at minimum, a strong association of cannabis use with the onset of psychiatric disorders. Adolescents are particularly vulnerable to harm, given the effects of cannabis on neurological development. ' PTSD is a serious, often debilitating illness for which currently available treatments are effective but often leave people with residual symptoms, for which some may turn to cannabis. For example, cognitive behavioral therapy (CBT) and prolonged exposure (PE) therapy are proven effective behavioral treatments for PTSD, but symptom reduction with inpatient PTSD treatment, particularly for symptoms of numbing, is inversely correlated with cannabis use following inpatient treatment . This provides evidence that improved treatments for PTSD is needed, not that cannabis is effective. In fact, a longitudinal cohort study in 2276 veterans reported outcomes in four groups, classified on their cannabis use as (i) those not using before treatment or 4 months after discharge, 'never used', (ii) those using at admission but not after discharge 'stoppers', (iii) those using after discharge but not at admission, 'starters', and (iv) those using at both time points before and after treatment, 'continuing users'. Adjusting for relevant covariates, cannabis use was associated with greater PTSD symptom severity, more violent behavior, and more alcohol and drug use in the group as a whole. Stoppers and never users had the lowest PTSD symptoms, whereas starters had the highest levels of violent behavior . Thus, initiating cannabis use after initiating treatment was associated with worse PTSD symptoms, more violent behavior, and alcohol use. The authors concluded that cannabis may actually worsen PTSD symptoms or nullify the benefits of specialized intensive treatment, and that cessation or prevention of use may be an important goal of treatment, but this was a naturalistic study and controlled trials are needed, particularly in relatively cannabis-naive patients.
A retrospective study of PTSD symptoms in the first 80 people to obtain medical cannabis for PTSD in New Mexico suggested that self-reported symptoms were lower when smoking cannabis (Greer et al, 2014) . However, inclusion criteria for this study included self-report of 'significant relief of several major PTSD symptoms when using cannabis.' Participants were asked to report PTSD symptom severity retrospectively when not using cannabis, and this served as the control condition. It is not surprising and not particularly meaningful that retrospective ratings of PTSD symptoms pre-cannabis use were higher than during cannabis use in a sample that had to report relief of PTSD symptoms with cannabis to be included. Controlled trials with methodological rigor are sorely needed in this field, particularly considering the potential for cannabis-related adverse effects on cognition and addiction in these patients (Silins et al, 2013) . Those with PTSD who use cannabis experience greater problems associated with cannabis use than those without PTSD (Boden et al, 2013) . Given the significant potential adverse effects of use of cannabis for PTSD, including worsening of potentially life-threatening symptoms of the illness itself, prospective trials are urgently needed to assess safety and efficacy of cannabinoids for this use. The efficacy of cannabinoids, available as FDA-approved medications, dronabinol, and nabilone, should be studied for primary and residual symptoms of PTSD, alone and in combination with CBT or PE.
Haney and Evins: Moving the Field Forward
The two authors agree that given the central role of endocannabinoids in the neurocircuitry mediating the response to emotionally salient stimuli and emotional learning, there is a potential clinical utility of cannabinoid agonists in PTSD treatment: CB1 agonists may reduce anxiety, improve sleep, and enhance extinction of traumarelated memories.
In terms of advancing the field, placebo-controlled studies testing a range of oral cannabinoid doses during extinction training are needed, as are studies demonstrating the optimal time window for this intervention (Ganon-Elazar and Akirav, 2009 Akirav, ,2012 . In theory, cannabinoid agonists administered in temporal proximity to the stressor would prevent the over-consolidation of fear memory, but this needs further testing (Trezza and Campolongo, 2013) . The finding that dronabinol attenuated amygdala reactivity to fear stimuli in healthy controls should be repeated in those with PTSD. In addition to analogs of THC, studies testing CBD for discrete PTSD symptoms are needed, as is further research of FAAH inhibition (Kathuria et al, 2003) , given the 'on demand' nature of endocannabinoid release (Gunduz-Cinar et al, 2013) . Both CBD and FAAH inhibitors might maximize the therapeutic potential of cannabinoids for PTSD without risking the abuse-related or cognitive side effects of THC.
Overall, there are several advantages to slow-onset, long-duration, FDA-approved oral cannabinoids, rarely discussed in the debates about medical cannabis. First, oral cannabinoids have low abuse liability relative to smoked cannabis. A considerable subset of daily cannabis smokers develop a cannabis-use disorder (CUD), characterized by withdrawal symptoms, functional impairment, and difficulty maintaining abstinence, and using cannabis to cope with anxiety, in particular, is associated with an increased risk for developing CUD (Johnson et al, 2010) . Inhaled cannabis also produces more deleterious effects on cognitive performance than oral administration (Ranganathan and D'Souza, 2006) , which would be counter-therapeutic for PTSD. Also, cannabis withdrawal symptoms (disrupted sleep, anxiety, irritability; Haney et al, 1999 Haney et al, , 2005 Budney et al, 2004 ) may be especially troublesome for PTSD patients, perhaps explaining why those with PTSD are more likely to relapse to cannabis use relative to controls . A second benefit of oral cannabinoids is that although cannabis marketers target particularly strains of cannabis toward patients for a range of medical conditions, the products sold rarely contain the cannabinoid concentrations advertised (Vandrey et al, 2015) . Thus, in the absence of well-controlled data and product regulation, advertising is all that consumers and physicians currently have to make medical decisions regarding the clinical use of cannabis.
Controlled trials testing the effects of smoked cannabis on PTSD outcomes have not been conducted, to our knowledge. A concern with state-by-state allowances for medical cannabis use for the treatment of PTSD is that patients would begin using the drug in the absence of controlled evidence of efficacy or recommended timing of administration, particularly in terms of facilitating extinction. Given the potential for adverse effects of smoked cannabis, we call for a slowing in the pace of legalization of cannabis for therapeutic use until safety and efficacy data exist to enable evaluation of risks and benefits of cannabinoids for specific features of PTSD.
A final point is that both oral and smoked cannabinoids can be anxiogenic, particularly for those who do not use cannabis regularly (eg, Haney, 2007) . Although regular cannabis smokers often report smoking for relaxation and tension relief, anxiety, and panic following cannabis use are not uncommon and in fact drive the high rates of emergency room visits attributed to cannabis use (Moreira et al, 2009; Crippa et al, 2009; Hall and Solowij, 1998) . This raises the possibility that oral or smoked cannabinoids would worsen anxiety in some PTSD patients. Clearly, FDA-approved treatments for PTSD (antidepressants, anticonvulsants, atypical antipsychotics, benzodiazepines) have the potential to worsen mood as well. If cannabinoid agonists are proven beneficial, the risk/benefit of each approach would have to be weighed with the understanding that increased anxiety is a possible outcome from cannabinoid use.
PSYCHOTIC DISORDERS Eden Evins
It is clear that THC can cause acute psychotic symptoms, such as paranoia, in a dose-dependent manner (D'Souza et al, 2004; Murray et al, 2013) , and those with a psychotic illness who do not stop using cannabis have a poorer prognosis on average than those who do (Tarricone et al, 2014; Alvarez-Jimenez et al, 2012) , controlling for other substance use (Foti et al, 2010) . What is somewhat controversial is whether to draw causal inference from the now well-replicated finding from large, prospective, longitudinal, epidemiologic studies that cannabis use, particularly heavy adolescent use of high potency cannabis, is associated with increased odds of developing schizophrenia (Andreasson et al, 1987; Arseneault et al, 2002; Di Forti et al, 2009 , 2013 Fergusson et al, 2003; Giordano et al, 2014; Large et al, 2011; van Os et al, 2002; Zammit et al, 2002; Stefanis et al, 2014) . There is a well-replicated dose effect, such that daily use and use of high THC potency cannabis further increase odds of developing a psychotic illness and of earlier onset of psychosis (Di Forti et al, 2009 , 2013 . Galvez-Buccollini and colleagues (2012) found a direct association between age of onset of cannabis use and age of onset of psychosis.
While presence of schizophrenia prodrome confounds establishment of precise onset of schizophrenia illness, and those in the prodrome may be more likely to use intoxicants (Giordano et al, 2014; DeLisi et al, 1991) , strong evidence that cannabis exposure preceded onset of psychosis by up to 7 years has been reported in several large studies, controlling for or removing those with other drug use (Andreasson et al, 1987; Di Forti et al, 2009; Fergusson et al, 2003) . Control for familial risk of schizophrenia attenuates but does not eliminate the association between cannabis use and schizophrenia, further supporting the hypothesis that cannabis exposure, particularly early, frequent exposure to high THC potency cannabis is a causal factor in the development of schizophrenia (Giordano et al, 2014) .
Interactive effects between genotype, cannabis use, and psychosis suggest that cannabis use confers far greater risk of psychosis for some, in some cases a five-to sevenfold greater risk among daily users. Among cannabis users and daily cannabis users, respectively, carriers of the DRD2, rs1076560, T allele had three-and fivefold increased odds of developing a psychotic disorder compared with cannabis users who were GG carriers (Colizzi et al, 2015) . Carriers of the COMT valine158 (Val) allele were more likely to develop schizophreniform disorder if they used cannabis in adolescence, although cannabis use had no influence on individuals homozygous for the methionine (Met) allele (Caspi et al, 2005) . In a randomized clinical trial, COMT Val allele carriers experienced greater cognitive impairment with THC (300 μg/kg), and more psychotic symptoms in those prone to psychosis compared with placebo than Met allele carriers (Henquet et al, 2006 ). An AKT1 genotype by cannabis use interaction has also been reported, with those with C/C rs2494732 genotypes who used cannabis having twofold odds of having a psychotic disorder (van Winkel and Genetic R, Outcome of Psychosis I, 2011). In another study, those with AKT1 C/C genotype with prior cannabis use and daily use, respectively, showed two-and sevenfold increased likelihood of a psychotic disorder compared with users and daily users who were T/T carriers (Di Forti et al, 2012) .
There is evidence that individuals with or vulnerable to psychosis have a neurobiological response to THC that renders them more vulnerable to psychotogenic effects of cannabis. Those with psychotic disorder and their siblings are more sensitive than matched controls to the psychotogenic effects of acute THC administration (D'Souza et al, 2005; Schizophrenia Working Group of the Psychiatric Genomics Consortium, 2014). This may explain why even among those taking medications for psychotic disorders, cannabis use is associated with an increased risk of relapse into psychotic symptoms (Alvarez-Jimenez et al, 2012) . Inhalation of vaporized THC (8 mg) by cannabis users with a psychotic disorder (not on medication) and those with firstdegree relatives with a psychotic disorder showed significantly greater striatal DA release following THC administration than control cannabis users without psychiatric illness, despite having a similar subjective response to THC (Kuepper et al, 2013) . Therefore, although a common argument against causality is that cannabis use has risen considerably in the past 40 years, whereas rates of schizophrenia have not (eg, Frisher et al, 2009; ; but see Hickman et al, 2007) , its impact in the general population would be expected to be modest if cannabis precipitates psychosis preferentially in those with specific genetic vulnerability (Hall, 2014) .
Thus, although schizophrenia etiology is multifactorial, and the majority of people who use cannabis do not develop schizophrenia, these findings, taken together, support the hypothesis that cannabis use, particularly frequent use of high THC content cannabis, increases the risk for development of psychosis, particularly in those with genetic susceptibility that influences vulnerability to environmental exposures. This warrants serious consideration from the point of view of public health policy .
Meg Haney
Although heavy cannabis use by individuals with a psychotic disorder or vulnerable to one is largely associated with a poorer prognosis, there are sufficient reasons to question the causality of this relationship. To start, it is important to emphasize that although meta-analyses show a consistent association between cannabis use and psychotic disorders, the odds ratio is small. For those ever using cannabis, the association with psychotic disorders is 1.41 (95% CI 1.20-1.65), whereas the odds ratio is 2.09 (95% CI 1.54-2.84) for those using cannabis frequently (Moore et al, 2007) . As noted by Moore et al (2007) , larger effect sizes have been reported in other analyses, but these were based on crosssectional data or were not adjusted for factors such as cumulative cannabis use, presence of psychiatric illness at baseline, other concurrent drug use, or cannabis use at least once vs dependence (Arseneault et al, 2002; Henquet et al, 2005 , Semple et al, 2005 . Thus, an association between cannabis and psychosis exists, but, at best, it is only one small factor in a much larger constellation of factors associated with this disorder.
So why might a diagnosis of schizophrenia be associated with higher rates of cannabis use relative to the general population (Foti et al, 2010 )? As noted above, the apparent dose-response relationship between amount of cannabis smoked and the likelihood of a disorder is one piece of evidence consistent with causality. The more cannabis used at baseline in large prospective studies, the greater the risk of developing schizophrenia or psychotic symptoms (Zammit et al, 2002; van Os et al, 2002; Fergusson et al, 2003) and the greater likelihood that psychotic symptoms at baseline persist (Henquet et al, 2005 ).
Yet, psychotic disorders rarely emerge without warning. Even when cannabis use unequivocally predates a diagnosis, schizophrenia is a neurodevelopmental disorder with origins in early development. Those destined to develop schizophrenia exhibit unusual thoughts and behaviors years before they develop delusions and hallucinations (Schiffman et al, 2005) . This presents the possibility that, prior to a diagnosis of psychotic disorder and perhaps even prior to the prodrome phase of schizophrenia, those who have unusual thoughts or behaviors smoke more cannabis than those without these features; if this is the case, then a doseresponse relationship, ie, heavier cannabis use prior to a diagnosis, does not support a causality association but could reflect heavier use by those neurodevelopmentally vulnerable to developing a psychotic disorder.
Why would individuals at clinical high risk of psychosis or those with schizophrenia smoke cannabis? One reason may be to attenuate negative symptoms (eg, social withdrawal, anhedonia) poorly managed by antipsychotics. This hypothesis of self-medication has been disputed because there is no correlation between early symptoms of the disorder and cannabis use (Malone et al, 2010) or between cannabis use and psychotic symptoms or negative mood (Henquet et al, 2010 ). Yet, if patients are self-medicating negative or subtle mood symptoms, this correlation could be missed by retrospective reports or prospective monitoring of positive psychotic symptoms.
Another argument levied against the self-medication hypothesis is that individuals seeking treatment for a psychotic episode are more likely to smoke cannabis high in THC and low in CBD, a cannabinoid with potential antipsychotic effects (Leweke et al, 2012) as compared with control volunteers . The authors suggest that since high THC can worsen psychotic symptoms, patients with schizophrenia would not choose a type of cannabis high in THC to self-medicate their symptoms.
Yet, whether cannabis worsens or ameliorates certain symptoms of schizophrenia, it remains a drug of abuse, producing positive subjective and reinforcing effects regardless of psychiatric diagnosis. In fact, there is evidence that cannabis produces greater positive subjective effects in patients with schizophrenia or those prone to a psychotic disorder than in healthy controls. A study tracking mood each day using momentary assessments reported that those with schizophrenia were more sensitive to both the moodenhancing (lower negative affect) and the psychosisenhancing (auditory hallucinations) effects of cannabis than healthy controls (Henquet et al, 2010) . Similarly, we found that participants who were clinically at high risk for developing schizophrenia showed larger increases in both intoxication and anxiety and paranoia following controlled cannabis administration relative to matched healthy controls (Vadhan et al, 2013) . Although symptoms of psychosis were worsened by cannabis, mood was elevated to a greater extent than in controls, and this elevated mood might contribute to the consistent association between psychotic disorders and cannabis use. Thus, evidence that individuals who develop schizophrenia are more likely to smoke cannabis with high THC concentrations than those who do not develop schizophrenia may simply demonstrate that this population favors more potent and reinforcing strains of cannabis, regardless of CBD content.
In terms of the interaction between genetic vulnerability and cannabis use, the link between COMT alleles and vulnerability to psychosis (Caspi et al, 2005; Henquet et al, 2006) has been deemed 'very weak' upon subsequent analysis (Moore et al, 2007) . A comparison of relatives of individuals with schizophrenia who smoked cannabis versus those relatives who did not did smoke cannabis showed that both groups were more likely to develop the illness compared with relatives of healthy controls regardless of cannabis use (Proal et al, 2014) , which does not support the hypothesis that cannabis worsens outcome in individuals genetically vulnerable to psychosis.
It may be that rather than a causal link, there are shared genetic and environmental risk factors for schizophrenia and cannabis use or for drug use in general. An association between schizophrenia risk alleles and cannabis use has been reported , supporting a shared genetic etiology, and there are a number of demographic risk factors in common for cannabis use disorder and schizophrenia, such as being male with low socioeconomic status and educational attainment (DeRosse et al, 2010) .
At last, in assessing the interaction between cannabis and psychotic disorder, it is useful to consider tobacco cigarette smoking in this population, as tobacco is more strongly linked to schizophrenia than cannabis. In a meta-analysis assessing tobacco use among patients with first-episode psychosis, there was a strong association (OR = 6.04; 95% CI, 3.03-12.02) compared with healthy controls (Myles et al, 2012) . Similar to the data with cannabis, patients with first-episode psychosis usually smoked tobacco cigarettes for some years prior to the onset of psychosis, have high prevalence of tobacco use when presenting for treatment, and are more likely to smoke than aged-matched controls (Myles et al, 2012) . Also similar to cannabis, some suggest this association reflects the underlying neurobiology of psychotic disorders, which may enhance nicotine reinforcement; or those with schizophrenia use cigarettes to moderate the effects of the illness and the antipsychotic medications (eg, Dalack et al, 1998) . Conversely, Kendler and colleagues (2015) recently presented evidence supporting the idea that tobacco use prospectively increases the risk of schizophrenia. These authors thoughtfully considered the same factors argued to support a cannabis-schizophrenia link, but acknowledge that the data support but do not prove causality. They also demonstrate that familial/genetic factors contribute to the association between tobacco use and schizophrenia.
To conclude, public perception and popular media often interpret associations shown in longitudinal studies as demonstrating causation, so the scientific community has to consistently emphasize the distinction between association and causation. Given the low odds ratio and evidence that schizophrenia is a neurodevelopmental disorder, the most scientifically conservative stance is that the association between cannabis and psychotic disorders is not causal. As described by Dumas et al (2002) , there are three possible models explaining the cannabis-schizotypal link: (1) cannabis use increases risk for schizotypal traits; (2) schizotypal traits increase risk for cannabis use; (3) a third causal variable underlies both cannabis use and schizotypal traits.
The data do not demonstrate causality but may reflect self-medication or a shared risk factor.
Haney and Evins: Moving the Field Forward
Despite differing on their interpretation of the evidencesupporting causality, the authors agree on the biological plausibility of a causal relationship between adolescent cannabis use and negative psychiatric outcome. CB1 cannabinoid receptors are the most common G-coupled protein receptors in the brain, at concentrations 10-fold higher than opioid receptors, for example, and endocannabinoids are an abundant CNS neuromodulatory system (Passie et al, 2012) . Further, adolescence is a critical time of synaptic and circuit development, and CB1 receptors are ubiquitous in the prefrontal cortex, a brain site heavily impacted by schizophrenia (Malone et al, 2010; Hill, 2014) . Exogenous cannabinoid use could disrupt endocannabinoiddirected brain organization during this period of rapid development, impacting neurobiological and therefore psychiatric outcome. The authors therefore agree with those (eg, Moore et al, 2007) who argue that even without data to demonstrate causation, the potential for long-term brain changes by regular cannabis exposure during adolescence is sufficient to warn the public against the risk of adverse psychiatric outcomes with adolescent cannabis use.
The authors also share concern about the impact of extraordinarily high THC concentrations in new routes of THC administration, such as marijuana e-cigarettes and dabbing (460%THC), which may heighten the likelihood of adverse psychiatric consequences, particularly if regular use begins in adolescence. Cannabis smokers typically adjust their inhalation patterns and smoking topography as a function of cannabis strength (eg, inhaling more forcefully on low potency than high potency cannabis cigarettes; Heishman et al, 1989; Cooper and Haney, 2009) , but this titration would be difficult with new routes of very potent THC administration.
In terms of moving the field forward: further study of the gene-environment interaction could improve our understanding of the association between cannabis use and schizophrenia. Polygenic effects (Pan et al, 2015) from large genome-wide association studies (Schizophrenia Working Group of the Psychiatric Genomics Consortium, 2014) could be calculated for those who do or do not use cannabis to potentially clarify some of the shared genetic risks that may underlie the association. Prospective, longitudinal studies, with assessments commencing in youth prior to initiation of drug use that include family history, prospective and ongoing psychiatric evaluation, genetics and neuroimaging such as the upcoming ABCD study would contribute understanding of how cannabis use influences the onset of schizophrenia (albeit not definitively demonstrating causality). Given that intellectual and neuromotor abnormalities in childhood are evident long before a diagnosis of schizophrenia (Larson et al, 2010) , it would be useful to capture these symptoms early in development to observe whether those who later smoke cannabis have a worse prognosis than a group with comparable childhood symptoms who do not smoke cannabis.
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